To achieve robust and effective frequency regulation capabilities of WECS integrated power system, it may become necessary to efficiently design different operating controllers within the system. In this regard, a judicious choice of the structure, gains and time constants of different controllers of WECS may be necessary so that none of them adversely interfere with the performance of other controllers in AGC. In one approach of design, the gains and time constants related to several controllers of both WECS and conventional thermal systems may be tuned coordinately or simultaneously so that they exhibit consistency and robustness under different operating conditions. As discussed in earlier chapters, the process of tuning may be addressed in the domain of optimization, using any of heuristic/intelligent technique based optimization algorithm. Apart from well established intelligent technique based optimization techniques like GA, PSO, CSA, BFOA [200], FA and DE have drawn attention of researchers for optimizing varieties of non-linear and non-convex power system problems, including those of AGC. However, the controller efficiency and robustness of any of these optimized controllers may not be fulfilled effectively when the system operates in wide ranges of operating scenarios.
INTRODUCTION
To achieve robust and effective frequency regulation capabilities of WECS integrated power system, it may become necessary to efficiently design different operating controllers within the system. In this regard, a judicious choice of the structure, gains and time constants of different controllers of WECS may be necessary so that none of them adversely interfere with the performance of other controllers in AGC. In one approach of design, the gains and time constants related to several controllers of both WECS and conventional thermal systems may be tuned coordinately or simultaneously so that they exhibit consistency and robustness under different operating conditions. As discussed in earlier chapters, the process of tuning may be addressed in the domain of optimization, using any of heuristic/intelligent The linearized model for the load frequency control of two-area interconnected power system having both thermal and wind power resource, considered in the work so far has been taken as the test system. 
Multi-objective optimization with NSGA-II
A solution of NSGA-II provides a pareto optimal set of solution. However, there is a better chance of obtaining a more promising solution after suitably identifying it from those available from the set of pareto optimal solutions. The flowchart of NSGA-II is given in Fig. 5 .1. The algorithm provides a set of compromise solution from all the non-inferior alternatives. The process of choosing the most suitable non dominant solution not only becomes problem dependent but also varies with the preference of the decision maker. Therefore, the final solution to the problem is the result of both an optimization process and a decision process. In the present paper, a fuzzy-based membership value assignment approach [208] is applied to select the best compromise solution from the finally obtained pareto set. In this method, the i th objective function of a solution in a Pareto set is assigned a membership value μ i defined as follows [208] . Gen. < Max.Gen.
SIMULATIONS AND RESULTS
The simulations are performed in the two area system mentioned earlier in 
Comparison of NSGA-II with other optimization techniques
A comparison between NSGA-II and other widely accepted optimization techniques like CSA, LP, PSO and GA is also sought in this work. The objective function J is considered to be optimized with all the above optimization techniques which essentially optimize an objective function having one objective. It may be seen that, J is formulated by combining the same three numbers of individual objectives, which are also evaluated individually in the multi objective optimization with NSGA- Department of Electrical Engineering, VSSUT, Burla, India 150 | P a g e II. The weighing factors ω 1 , ω 2 and ω 3 are suitably chosen to give equal weight to each of the three objectives after addition to form J as in section (2.5.2). The parameters adopted with each optimization algorithms used for this work, is given in the appendix (A.3, A.4, and A.5 ) . Table 5 
Response of DFIG controller with different levels of wind penetration (L p )
Depending upon the operational scenario, the availability of wind and any other extraneous factor, the frequency support capability of DFIG may be utilized in varied degrees. Therefore, the NSGA-II tuned controllers should be tested for their ability to show some robustness with variation in Lp as done (in section 2.8.5). The values of the controller parameters obtained from NSGA-II are kept constant and wind contribution Lp is varied from 0 % to 50 %. As shown in Fig. 5 .4, there is no significant variation in dynamic performance but it is observed that with higher values of the L p , the T s becomes longer. 
Improvement of frequency regulation with wind penetration
Under the circumstances of thermal power replaced by 20% wind power, the frequency regulation capability is analyzed with optimization of the controller parameters using NSGA-II. The optimized parameter values and three of the performances indices are given comparatively in Table 5 .4 considering the cases of WECS having frequency support capability, without frequency support and no wind penetration as (in section 2.8.6). The behavior of the ∆f 1, ∆f 2 and ∆P Tie are obtained for a 2% disturbance in the load in the 1 st area as shown in Fig. 5 .5. area is found to be beneficial. The tuning of controller parameters is carried out using a multi-objective optimization to find the set of controllers whose performance show non domination and improve many performance indices without deteriorating others.
The controllers with NSGA-II are found to be better compared to similar controllers optimized with some recently published modern heuristic optimization techniques i.e., CSA, GA, PSO, in terms of their robustness. The new controllers depict better ability of disturbance rejection, when system parameters and operating conditions are varied.
Looking at the optimization efficiencies of CSA, it may be beneficial to utilize the same algorithm in the domain of non dominated sorting based solution. To achieve that, the process of hybridization of CSA with the NSGA-II may result in improving the optimization efficiency compared to each of the two algorithms. This aspect is probed in the subsequent chapter.
